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ISFORMATION PESCESSING TRPABITIITIES USED X E=NDERGARTEN CHILDREN
WHES: SOLVING RIMPLE SEITEMETIC SIGEE PROBLEMS

' Mo Lindvall axf Josepl L. TBmiurino
Univers¥ry of Pittsburgh )
There is xwm=iderable enpport for the assammption tha— persons who
are successfxil In solvimg problems that mltimately regmfre a

mathematical safwtion gemerate stme type of qmaiitrative Tepresemtation

or model of % profikey s am Iimeermediate step beommen initial
comprehension of the=pmibleg and the carryimgomt of the wmmathemarical
operations mneeded 1o axxtve 8t the answer (Beller & Goeemo. 1979;
Larkin, 1977; Newe¥lz: SEmsy , 1972; Simon & Sisom, 19782. It has
also been shown =imdwail § Ibarra, 9793 et when -pmammscw grade
children are asked tc smiiwe siagle aritimetic sSoTy prnoe=ms, the
successful problem soiwars are capable of deweisming a physitcsi model
as an aid to=solutiom. Mhis would seew to suglfst that acquixing rThis
ability to develop -—amwopriate wodels for ssory problemssmay i= an
important step in childe=x's acquisitionr of mmrhematical compet=ncy.
Of course, mnany kindexgurten cxtldren displaw this desired modeXTing
ability when -they are fasad with simple quanrIzgrive -mroblems. They
use their fingers., or mmisttr Towstable elements,, to r=present the sets
of objects involved and carry out simgple operations, such as jodaring
sets or removing a subset, to decfve answers. They display a twme of
understanding which can prowtde == emmemtiai basis for the contiming
study of arithmetic and JhiiSnehomid be an important goal of early
instruction in this subjecz. Wie= fsgms of The study reported :I.n this
paper is on the componamrs =f thiszs type of understanding.

Specifically, it i1is concerned wit® the types of know]:eage that

3
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students wmust bave and wmust apply if they are to be able to solve

warious forms of story problems through a procedure of bullding a
1

mhysical model of the story and using this model to arrive a2t the

~

solution.

Rationale

A number of persons have analyzed the process that successful
problem solvers employ in solving arithmetic word problems by
outlinirg informawion processing models (Heller & Greeno, 1979;
Riley, 1981). Heller (1980) has shown that the procedures used by
primary grade children in solving simple "change” and “combine"™ type
stories might be modelled by a computer program and has used this
analysis to explain why certain types of stories are more difficult.
Reasons for differences in problem difficulty have also been
investigated by other researchers_(Carpenter & Moser, 1979; Nesher,
1979).

In an investigation having a focus somewhat similar to the
present study, Riley (198.) (See also Riley, Greeno, & Beller, in
preparation) presented empitrical data to support the hypothesis that
primary grade children function at one of three levels with respect to
their capability for processing the information presented in simple
one-step story problcms. The first level includes those children who
can build sets of blocks to provide a representation of the sets
described in a story andAcan operate on these externally availeble
sets. However, children at this level cannot solve stories that

require -that they hold and manipulate information internal}y. They
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appear to lack certain essential knowledge concerning tiee
relationships that must exist among the sets involved #n a set umiom
or a subset removal opexstion. Under the Rfley (1981) hypothesis,
children at the secomii level have a limited capaciity for interm=f
representation and processing and, hence, can solve sgmmewhat mome
complex stories than ZFevel oz childrem.. The third lewel includes
those children who have relatively compEete knowledge concermime
essential relationships and can carry oot internal processing that
enables them to solve ome-step story problems no matter at which point
in the story sequence the unimown term is presented. Riley (1981) has
- developed a "model” which, for each' of these 1levels, explains how
attempted problem solution is carried out. Each model, in turn, is
associateZ withh the types of problems that it can solve successfully.

| An earlier study by one of the writers (Lindvall & Ibarra, 1980)
~used a clinical interview procedure to describe what kindergarten
children did when they processed the information provided in simple
story problems and used counting cubee to develop physical
representations of the stories and to arrive at solutions. That study
represented an initial step in identifving the types of essential
information that the successful problem solver had to =bstract from
the story in order to model it and solve it. The present mtudy
represents an effort to=conduct a more formal and complate analysfs of
what children do in .comprehending a story and in using a phyefcal
model to arrive at a solution. It also offers an explanatioﬁ of why
children have difficulty with certain types of stories. The Ppaper

first presents a flow chart that represents a type of informatfon

’
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Procemsimg Tamic ansbwess @Besnick & Ford, -2576) of how-children may
process Ttheinfarmatresswgmmented i> the story-in such a @ar as to
enable: cthem = deemi®, 2wmwodc: of the story and to mamipuames this
mocel T ohtminesfintteap. This flow chart sexves as an add in the
TldentSSeation o the S fic decisions mma mcrions that == tmniwed
ixr thimessooirlemr-solisfegy Xx=ss. The chart almo helps idenwefy the
types o knosiledge timst ©he student mnust- have in order 1v sgol..e

&Tferew— types of strriess.

Method
Subjects
To amxalyze- te= periosmance of pupils on the types of taslms that
were the- focms of this gtudy a total of 66 kindergarten studemts were
given imdiividem] interwdew tests. This sample represemted alil
kinderggren gepfis #x three classes in two different=schools, a
wivesgiXy-affildaterd primate schocl in a large.urban settimg and a

suburiamr chool serving a-middle-class neighborhood.

Types =£. &Fory Problems Used

Eijpr— forme of -one-step addition and subtraction story :probleﬁs
were time focrs of this study. Using the categorizatioe scheme
outlined -be~HeTler (¥HB0), these can be described as two formss ©f the
“combine™ tpe cf =mtory and six forms of the "change” tyme. The
storiesmmsed are shommn in Table 1, where an open sentesre 1is
associated =®h each typc in order to show the po:fnt in tie= story

sequence abere ﬁne unknown value is introduced.
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Ingert Wllilie= 1 about here

Irn testing stsmients on t#sme problems, the. tester, using an
individual _inteswiess testingrosminre, read the story line-by-line,

.pausing aftieé emcir~Tine to permiir Ssstudent to respond. The studemt

was told w0 Tese=these block==tr 4iow what this story says as I read
each linesr: . =" "The student-mass =mpected torespomd by doing "such
things -as=-bai ding sets of the zappropriate size, joining sets,
removingsewhees s, or taking otheramerions appropriate for r;epresenting

what thesstorydmmscribed and for ememining an amswer to the problem.

The Infomillt_uvs Processing Analygs
As=mmmmred ssbove, a first sgage in the present study involved an

effortm a detailed anadysis of what kindergarten children do
when thes=mre smccessful in carrying out problem solving tasks of the
specific type used in this study. This analysis involved an
information processing task anatysis of the type described by Resnick
and Ford (1976) and was based on the writers' earlier experiences in
observing kindergarten children carrying out the type of problem
solving activities that were of concern (Lindvall & Il_:arra, 1980).
The infomation processing analysis took the form of a flow chart
whicb shows 'the questions a child might raise in procezsing the
»ipfomat:lon given in each line of the story and the action that would
need to be taken on the basis of how each question is answered. The

flow chart, shown in Figure 1, represeats our hypotheses (derived from



Table 1

Story Problems Used in the Study, Categorized by Story Tyee

1.

Joe has 3 marbles.

Tom has 5 marbles.

How many mzrbles do they &mve
altogather?

2. Combine:

Carol has 4 flowers.

Sue has some flowers.

Togetner Carol and Sue have 9 flcowers.
How many flowers does Sue have? -

3.

John had 3 pencils.
He found 4 more pencils. .
How many pencils did John have then?

4. Change:

Jill had 6 pennies. :

Ste found some more pemnies.
7.en Jill had 8 pennies.

How many pennies did Ji11 find?

5. Change:

Jack had some basebalis.

~ He found 2 rore baseballs.
Then he had 5 baseballs.

How many baseballs did Jack have
to begin with?

6. Change:

Mary had 9 dolls.
She lost 3 dolls.
How many dolls did Mary have then?

7. Change:
Bill had £ tcys.
He Tost some toys.
Then he had 2 toys.
How many toys did Bill lose?
8. Change:

Jane had some buttons.

She Tost 2 buttons.

Then she had 7 buttons.

How many buttons did Jane have to
begin with?

Combine: a +b =[]

Mark h2s 6 apples..
Bob has 3 appkes.
How many apples do tisey have altogetiwsy?

a+[J=c

Jenny has 3 books.
Amy ‘has some booils.

.Together Jenny andi-Amy have 7 books.

How many books dmes -Amy have?

Change: 2 + b =[]

Rich had 2 cookises.
He found 3 more=pokies.
How many cookiessrdid Rich have thew?

a+[]=¢

Elaine had 4 pieces of candy.

She found some mere pFeces of candy.

Then Elaine had 7 pieces of candy.

How many pieces._of camdy did El.ine
find?

CI+b-

c-b

Jim had some marbles.

He found 4 more marbles.

Then he had 6 marbies.

How many marbles did Jim have to
begin with?

=[]
Linda had 8 flowers.

She Tost 5 flowers.
How many flowers did Linda have then?

c-[J=a

[J-b

Gary had 5 baseball cards.

He Tost some baseball cards.

Then he had 3 baseball cards.

How many baseball cards did Gary lose?

a

Maria had some pencils.

She lost 5 pencils. -

Then she had 3 pencils.

How many pencils did Maria have to
begin with?
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rather extensive obsermmsrisms: of a large sample of children) as to how -
succesgful problem so¥msm=rocess the information, how they decide
vhat to do, how they sssrimgmish among different types of stories, and
how they manipulat‘e tie= xomnting cubes to ‘an'ive at the correct
answer. For purposess of our research, this analysis served to: (1)
clarify the specific ascrions that a pupil must take to represent and
solve each story; t©2) suggest the type'of knowledge that the pupil
must have in order to soive each problem type; and (3) indicate why

certain types of problems are more difficult than others.

Insert Figure 1 about here

As the flow chart shows, when the child hears a story sentence,
he or she must first decide whether this means that a ne% set must be
built or whether some operation must be carried out with sets
previously built. When a set 1is built, it must be given itz own
2ocation {to keep it separate from other sets or from the common
store) and its o identity (e.g., “Tom's pieces of candy”). Of
course, the set must also be of the correct size. It will be noted
that cur analysis assumes that whenever a set of unknown size is
described (e.g., "John had some apples.”), the child builds a set of
some arbitrary size. This is done because in our experience, using
the inatructioﬁs that we employed (i.e., "Use these »oplocks to show
what each line means.”) and reading the_story_on a line-by-line basis,
essentially all our students did build this type of arbitrary set.

When a story line does ‘ot indicate that a new set should be



],

Suild set
of this size

the sum? the sum?

Yes Yes
Adjust® amount] | Adjust® arbi- Adiust® smount || Adjus3
of arbitrary in- || trary starting of arbitrary de- | | remainder set

crease to make || et 30 union cresse to correct || to correct

et oquals sum, remainder. i

(Loc & ident.) (Loc. & Ident.)
v 4

justed arb.
set. Count
and report

1 Each set generation or modification step should include attention to the Jocation and identity (Loc. & Ident.) of the set.
2 In this type of story the problum operstion producaes the corract answer set number.
3 In this type of story 2~ adjustment, based on relationships associated with this operation, must be made to produce correct answer sat number.

Figure 1. Information Processing Task Analysis for Children’s Modeling of Combine and Change Stories. 1 1

10

ERIC

Aruitoxt provided by Eic:
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built, the pupil must decide if some specific action should be carried
out. With the eight story forms used in this study, it was decided
that one of three major operations might be described in a story: (1)
putting -two sets together (combine); (2) increasing the size of an
existing set (change increase); or (3) decreasing the size of an
existing set (change decrease). When‘the described operation for the
given story is identified, the student will proceed to carry it out.
If the sets involved in the described operation are of known size
(i.e., if the story gives the size of the two sets in a "combine”
pr;blem or if ;t gives the size of the initial set and either the
amount of increase or decrease in a “change” problem), carrying out
the operation described in the étory will produce the answer to the
ARSI With such stories the student only needs to know how to

¢avei o.0 ilbe operation in order to obtain the correct answer.
However, 7 one of the sets involved in the operation is the unknown
set (a set of "arbitrary size” in the student®s model of the eFory),
carrying out the operation will not automatiéally produce the answer.
Here an adjustment musﬁ be made in the size of the arbitrary sef in
order to maintain the relationships that are a part of the given set
operation (e.g., In a story giviﬁg the size' of omne subset and the
union set, the size of the unknown, or arbitrary-size, set m;st be
adjusted so that the sum of the two subsets e3juals the ~umber in the
given uwunion set.) To solve such stories, a stqdent must not only know
.hov to carry out a described operation but must also know what

relationships must be maintained among the sets involved in the

operation. Only if the student knows and applies such knowledge will

12
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he or she arrive at the correct number in the answer set.

Of course, the final bit of information processing that the
successful problem solver must carry cut is to respond to the story
question by identifying the specific set that represents the answer.
(It will be noted that at certain decision points the flow chart makes
provision for only a “yes™ response. A "no" response at such points
would mean that the storf had two unknown terms and, hence, would have
no unique solution. Such "no"™ responses were deleted from the chart

merely to reduce overcrowding in the chart format.)

Procedure

‘On the basis of the foregoing analysis,Afive basic components of
the types of stories used here were identified as being those aspects
of the story and its solution that the student must identify and
represent correctly if the problem is to be solved. Each of these
aspects was then used as a criterion task which a student was judged
as passing or failing as he or she built a represeﬁtation of the story
and caéried out 2e steps necessary to solve it. These five aspects
of story solution are the following. |

1. The initial identity of each given set. The pupil must

establish the identity of sets such as "Tom's marbles,” “the apples
that Sue and Joe have together,” “the pieces of candy that Mary had in
the beginning,"™ etc. Su;h sets will be represented by a setvof-
-blocks, or fingers, or other countable elemgpts, but this
representation must be identified with the specific set described in

the story. -

13
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2. The initial number in the set. The number must be

represented correctly.

3. The protlem operation. The action or relationship described
in the story must be translated into an operation on the sets built to
model the story.

4. The answer set identity. The problem question must be

translated so that it refers to a specific set involved in the
“"problem operation.”

5. The answer set number. Obviously, if the problem 1is to be

solved correctiy, the number iIn the answer set must be correct. This

means that operations and any ad justments necessary to meet problem

conditions must be ’carried out correctly. Specifically, in those
stories Qhere the child has initially represented a set of unknown
size by building a set of arbitrary size the child must adjust the
size of that set so that it 1is compatible with the relationships
associated with the given vet operation.

The individual interview testing procedure wused in this study
permitted the performance of each child to be judged as correct or
incorrect with respect to repre;entiﬁg each of these five components

as the child used sets of counting cubes to model each of the

different types of story problems.

Hypotheses and Methbdslgg_Analysis

Since an initial analysis of the data for this study supported
the findings of the earlier research (Lindvall & Ibarra, 1980) that

kindergarten children have minimum difficulty in the .physical

14
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representationA of the initial identity and correct number in the sets
described in a story, the present study focused on what students did
in: (1) carrying .out the operation; (2) identifying the answer set;
and (3) making any necessary adjustments to obtain the correct answer
set number.

Basiéally, this study involved an investigation of the hypothesis
that children Peed two types of knowle&ge concerning the set
operations if they are to be able to solve various types of simple
one-step addition and subtraction story problems. These two types of
knowledge are: .

1. Knowing the operation as a procedure to be carried out in
order to produce an answver.

2. Knowing the various specific relationships that must exist
among the quantities involved when an operation 19';arfied out.

The extent to which children differ in their possession of one or
both of these types of knowiedge was investigated in this study by
noting differences in patterns of pupil performance (1) on different
types of problems, and (2) on different components of the same type of
problem. |

As discussed previously, our information processingitask analysis
indicated that certain types of stories can be solved solely by
applying knowledge of an operation as a procedure to be carried out.
On the assumption that this type of knowledge is simpler and acquired
more readily tﬁan knowledge of relationships, this study hypothesized
that problems requiring only this simpler knowledge will be.solved by

a greater proportion of students than will stories requiring a

15
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knowledge of relationships. :l'his hypothesis can be stated more
specifically as follows: .

Hypothesis 1. With stories in which the correct answer set 1is
produced by aﬁplying the procedure described in the story to sets of
known size (e.g., joining two known ssets or removing a known subset
from a known superset) the proportion of students getting the "answer
set number” correct will be greater than it will be with stories where
the story procedure must be applied to a set of unknown size and then
ad justments ﬁust be made to get the-rorrect answer set number.

As ':.L;licated previoaslj, our method of data collection, among
other things, provided information on whether or not the student: )
carried out the story operation correcfly (i.e., joining sets,
removing a subset, increasing the size of a given set, decreasing the
size of a .g:lven set); and (2) identif-ied the correct set as
representing the desired answer. With these additional types of
information it was possible to shed some light on the basic hypothesis
of this study by invest:lgating. the following four additional
hypotheses:

Hypothesis 2. With stories in which the correct answer set s
produced by applﬁng the procedure described in the story to sets:zof
known size, the ﬁroi:ortion correct in carrying out the “problem
operatio;" will be approximately equal to the proportion getting the
Tanswer set number™ correct.

Hypothesis 3. With stories in-which the correct answer set is
ot directly groduéed_ by applying the procedure described in the:story

to sets of known size, the proportion correct in - carrying..out the
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“problem operation”™ will _fex much larger.than the proportion getting
the “answer set number” correct.

Hypothesis 4. With stories in which the corsrect answer sget 1is
produced by applylug the procedure described in the story to sets of
known size, the proportion correct ia establishing “answer set
identity” will be aﬁproximately equal to the proportion getting the
“answer set number” correct.

| Hypothesis 5. With stories in which'the'correct answer set 1is
not directly produced by applying the procedure described in the story
to sets of known size, the proportion correct in es;ablishing "angwer
set identity” will be much larger than the proportion getting the
“"answer set number” correct.

To investigate the hypotheses of this study the performance data
of children were summarized in terms of proportion of children passing
each of the five component steps in story representation and solution
for each of eight different types of addition and subtraction stérieso
A comparison of the appropriate proportions was then made to

investigate each of the five hypotheses.

Results

Th2 major results from the study are=summarizeddm Table 2 where
the proportion of stmdents performing—cmrrectly onreach of the five
components involved in abstracting the wmeaning of the story and
zolving it for each of the eight problem types is shown. It can be
seen that these students had iittle EffSenlty in establishing the

initial identity of the sets in the story=and in representing- set size
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correctly. Other results can be examined in terms of the five

hypotheses posed for the study. - .

Insert Table 2 about here

1. Differences associated with two categories of problems,

categorized on basis of type of knowledge needed to solve story. The

data in Table 2 show that the propcrtions of students (.83, .89, -91)
arriving at the corraét "answer set number” f;r problems 1, 3, and 6
were definitely higher than the .proportions for the other stories
{.18, .08, .32, .64, and .12). These data support the hypothesis that
more children can solve stories where a direct application of the
described set operation produces the answer than can solve stories
where this is not the case. »That is, more students have a knowiedge
of these set operations as procedures to be carriea out than have a
knowledge of them in terms of the relationships that must exist among
the quantities involved.

2. Relationship between correct performance in carrying out the

operation and arriving at the correct answer for problems where

carrying out the'bperation produces the answer. The data in Table 2

shoﬁ that with stofiesul, 3, and 6 (those in which carrying out the
described operation produces the answer), the propo?tions of students
correct on "problém operation” (.83, .91, .94) are essentially equal
to theléaired proportions correct on "acswer set number” (.83, .89,
91, "respectiveiy)- These results merely say that, with this type of

problem, if you can carry out the operation described in the story,

18



Table 2

Proportion of Pupils Displaying Correct Performance on Each of Five
Major Components in Story Representation and Solution
for the Eight Story Problems

Components of Answer

Essential Components of Problem to be Gained
to be Abstracted from Story from Model
. Initial Initial . Answer Answer
- Identity " Number Problem Set Set
Problem Type of Set in Set Operation Identity Number
1. Combine .85 .83 . .83 .82 .83
(a+b=[]) - ' |
‘2. Combine 1.00 1.00 .52 .44 .18
(a+[] =¢)
3. Change .95 .95 .91 .91 .89
(a+b=[1])
4. Chznge 1.00 1.00 .47 12 .02
(e+[J=¢)
5. TChange 1.00 1.00 .62 .52 .32
(O +b=c)
6. Change 1.00 1.00 - .94 .92 .91
(ec-a=[])
7. Change 1.00 - 1.00 .76 .89 .64 .
c - =b )
Change .98 .98 .50 .50 12
(0 -a=»b)

19
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you can amxive at the correct answer.

3. Helationship between correct performance in carrying ou-

operation ‘and arriving at the correct answer for prcblems =2

carrying out the-operation-will not produce the answer directl: in

examining the same type of data as in 2, above, but looking at stories
2, 4, 5, 7, and 8 (those in which carrying out the described operation
will not produce the ~—;.twwer: directly) it can be seen that the
proportions of .si:ﬁdents correct on- “problem operation” (.52, 41, 62,
;76, and .50, respectively) are miformiy much larger than the paired
proportions correct on “"answer set number” (.18, .08, .32, .64, and
.12, ntlgectdmely). That is, with these types of problems, being able
to carsy out—the operation described does not necessarily mean that
you wiLl be able to solwve the problem. It may be noted, here, that
probiem—type 7 produced proportions (.76 and .64) that are somewhat
out of line with those produced by the other problem types. The
explaﬁation for-this would appear to be that this type of story can be
solved by amminor affjustwrent in carrying out the procedure. It does
not require as full an understanding of relationships as d» Problems
1, 4, 5, =aod. 8. Withstorkes of th_e type represented by Problem 7,
the: child buf¥ds themgiwen—imitial set and removes an arbitrary size
set in respomse to—the-phrase “...lost some.” This step produces two
subsets, one representingthe number lost, the ‘other representing the

number left. When=the:xchiTd next hears that the person-im the story

‘had. “Z left™ (for -example)., all that 1is necessary is that enough

blocks. be moved.from one -set to the other so that there are exactly 2

inithe set representing the number left. Although this adjustment can
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be considered as being made on the basis of an understamding of
essentisl relationships egstablished in the subset m=moval operation, a
student might akso think of it as merely correcting a temporary
nistake in carxrying out the procedure.

4. Relationship between establishing the correct answer set

identity and getting the answer set number correct for problems where

carrying out the operation produces the answer. The data in Table 1

show that wiﬁh Stories 1, 3, and 6 the proportions establishing the
correct answer set identity (.82, .91, .52, respectively) are
essentially equal to the proportion correct on the answer set number
(-83, 89, 91, respectively) This, again, indicates that wii these
types of stories, since the story operation produces the correct
answer, if the student is ab¥e to identify the correct set as
representing the Me:, the mmmber in that set will beA the answer.

5. Relationship beteen :establishing the correct answer set

identity ' and igetting the ansmr sez~number correct for problems where

carrying out the operation will not produce the answer directly. The

data for Stories 2, 4, 5, 7, and 8 in Table 1 show that the proportion

of students establishing the=answer set identity correctly is much
larger than the proportion getting the angwer set number correct.
This suggests that identifying the correct answer set is not
sufficient for answering these stories correctly. If adjustments are
not made to -establish the coi:r:ect quantitative relationships among the

sets, the answer set number will be incorrect.
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Discussion

The results of this study provide addirional supporr for the
finding of prenious studies (Buckingham & MacLatchy, 1930; Ibarra &
Lindvall, 1979) that kindergarten children can solve certain types of
addition and subtraction story problems before they bave any formal
introdnction to arithnetic and:--can give evidence of a real
understanding of the solution process. That is, these children are
able to develop physical models of stories that are of a type which
should provide. a meaningful basis for the later application of simple
mathematical models to the solutiommf such stories. If, as has been
indicated by the work of several researchers (Larkin, 1977; L:Lndvai.l
& Ibarra, 1979; Simon & Simon, 1978), the development of such models
is a procedure typically employed by effective problem solvers-mt all
' age levels, then this ability demonstrated by kindergartem pupils
should be further developed, on.a camtinuing basis, as chilidren move
up through the elementary grade lewels. _This, in turn, suggests the
need for re_searcn on how children- can best be tavght to- develop
effective qualitative‘nodels fot the-msny typessof problems they will
encotniter as they progress ia theirstmdy of-mathematics.

of course, -the present study alsorindicates the need for being
~aware of the limits to vhat children:can fully comprehend at. any given
point in their careers and of the exact nature of such limits. The
najority of the' students displayed a definite lim:ltat:ﬁonbin their
knowledge of the relevant set operations. That 1is, thefr lacl; of
| 'mderstanding of - the . necessary relzt:ionsh:l:ps associated*vith a set

operation ptevented them fron achieving a ‘successful modelling and
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solving of certain types of stories. The data obtained in this study
may be interpreted as indicating that the relative diificulty of
one-step addition and substraction story problems can be explained
largely on the basis of their falling into one of two categories: (1)
stories in which the solution is produced merely by carrying out the
operation described in the story, or (2) stories in which obtaining
the correct solution requires that certain adjustments must be made
after the operation described in the story has beer carried out. This

categorization differs slightly from that proposed by Riley (1981) who

' presents results supporting the need for three categories, or

"models,” related to problem difficulty and to level of ability at
which a child is capable of functioning. A careful.examination of the
procedures used in the two studies may help to explain the differences
in the result; observed and in consequent difference in number of
explanatory categories needed. As stated earlier, in our story when
students heard a line in a story referxing to a set with "some,” they
proceeded to build a set of arbitrarf size whereas in the Riley study
the studencs did nothing. This means that the children in our study
had something in "external™ representation that provided the identity
of the unknown set. This meant that whether the “some” set was
mentioned first or second in the story, the student was.faced vith\the»
same task. At that point, he or she had to make an ad justment 1n. the
set of arbitrary size in order to satisfy the necessary relationships
befggen it and the other two known sets. One waj of interpreting‘this
is to suggest that the procedure used by the students in the present

study had tke effect of consolidating the second and third 1levels
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described by Riley. wWith the exception of this slight qualification,
it can be said that the results of our study provide substﬁntial
support for the findings and conclusions of the Riley study.

It should be added here that we do not interpret cur results as
implying that if children are to %»e taught to use blocks or other
manipulatives to model a story that they should be encouraged to use a
set of arbitrary size to represent a set that has “some.”™ Our
observations of childrer indicate that it is very ezsy for children to
forget that a set they have built is of arbitrary size and proceed to
use it as being a set of -that particular size. As a teaching strategy
it would appear to bé more effective to teach pupils to use something
like a blank sheet of paper (or an empty loop of string, etc.) as a
“place~holder” for an unknown set. That is, an arbitrary-size set (or
any other place-holder) has value only in reminding the student that
“"here 1is a set that is an essential element in analyzing and solving

the story, and its size has yet to be determined.”

Some Implications for Instruction

One way of describing the performance of the kindergarten
children observed in this study is to suggest that they have command
of a rather specific stratégy fbr sblving étory probiems of the type
used here. This strategy caﬁ be gsummarized in terms of three steps:
(1) represent the sets described in the story by using available
countable elements (e.g., blocks, fingers), (2) carry éut the actions
described'in the story, and (3) obtain the answer by counting the

number in the answer set. This is the only capability available for
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the average student. However, the able student also has available a
knowledge of the relationships associated with a given set operation
(e.g., knowing that the size of an unknown subset can be found by
removing a set of size equal to the known subset from ?he known union
set) and can apply this knowledge to solve some of the more complex
stories.

This view of the results of the present study emphasizes the need
for pfoblem solvers to possess specific types of kmowledge if they are
to be able to solve specific story forms. One type of knowledge is
knowledge " of procedures or strategies, the other 1is conceptual
knowledge or knowledge of relationships. An essential part of the
teaching task then is the identification of thé knowledge necessary
for modelling and solving each given story type and then the actual
teaching of this knowledge and of its application.

To the extent that the results obtained in the present study can
be considered as somewhat descriptive of the types of knowledge and
undéfstanding that children possess at the time that they are being
formally introduced to the operations of addition and subtraction and
to the writing of aumber sentences, they have certain .implications
concerning readiness for this instruction. Specifically, they suggest
that essentially all étudenté'are ready to comprehend addition and
subtraction sentences as models of operations. However, most children
are probabiy not ready to comprehend "open sentences,” ‘that is, to
interpret a mumber sentence as an equation. If students ﬁre to be
ready to éomprehend the latter, they probably need to. take part in

learning activities that will help them to understand the

25



PAGE 21

relationships associated with set union and subset remo;al operations.

Finally, it should be emphasized that our use of kindergarten
children in investigating what is dinvolved in solving the various
specific storj types included in our study should not be tsken as
implying that we feel that kindergarten children should be taught to
solve all such stories. The purpose of this study was to describe the
present capabilities of kindergarten children in crder to clarify the
types of arithmetic concepts that they are ready to comprehend and
also to identify those component capabilities that students, of any
#ge, must possess before they are ready to study someuhaf more
advanced concepts. The.question of vhen such component capabilities
can be taught most effectively and efficiently is éuite a separate

consideration.




PAGE 22

References

Buckingham, B. R., & Maclatchy, J. The number abilities of children when
they enter grade one. In G. M. Whipple (Ed.), 29th Yearbook of the
National Society for the Study of Education. Bloomington, 111
Public School Publishing Company, 1930.

Carpenter, T. P., & Moser, J. M. The development of addition and
subtraction problem solving skills. Paper presented at the Wingspread
Conference, Racine, Wisconsin, November 1979.

Heller, J. I. Understanding in arithmetic word problem solutidn. Paper
presented at the meeting of the American Educational Research

Association, Boston, April 1980.

Heller, J. I., & Greeno, J. G. Information processing analyses of
' mathematical problem solving. 1In R. W. TIyler & S. H. White,
Testing, teaching and learning: Report of a conference on research on
testing. U. S. Department of Health, Education, and Welfare,

National Institute of Education, October 1979.

Ibarra, C. G., & Lindvall, C. M. An investigation of factiors associated
with children's ccomprehension of simple story problems involving
addition and subtraction prior to formal instruction of these
operations. Paper presented at the meeting of the National Council of
Teachers of Mathematics, Boston, April 1979.

Larkin, J. H. Skilled problem solving in physics: A hierarchical
planning model. Unpublished manuscript, University of Califormia at
Berkeley, September 1977.

Lindvall, C. M., & Ibarra, C. G. The development of problem—solving
capabilities in kindergarten and first-grade children. Pittsburgh,
Pa.: Learning Research & Development Center, University of
Pittsburgh, 1979. (LRDC 1979/21)

Lindvall, C. M., & Ibarra, C. G. A clinical investigation of the

difficulties evidenced._z_kindergarten children in developing “models”

- for the solution of arithmetic story problems. Paper presented at the

meeting of the “American Educational Research Association, Boston,
April 1980.

Nééher, P. Levels of description in the analysis of addition and
subtraction. Paper .presented at the Wingspread Conference, Racine,

Wisconsin, November 1979.

Newell, A., & Simon, H. A. Human problem solving. Englewood Cliffs,
N.J.: Prentice-Hall, 1972. -

Resnick, L. B., & Ford, We W. The analysis of tasks for instruction: An
information~processing approach. ~ Pittsburgh, Pa.: Learning Research




PAGE 23

& Development Center, University of Pittsburgh, 1976. (LRDC 1976/4)

Riley, M. S. Formal #nalysis of the development of children's
problem-solving ability in arithmetic. Unpublished master's thesis,
University of Pittsburgh, 1981.

Riley, M. S., Greeno, J. G., & Heller, J. I. Development of children's
problem-soiving ability in arithmetic. In H. Ginsburg (Ed.),
Development gg mathematical thinking. New York: Academic Press, in
press. '

Simon, D. P., & Siﬁoﬁ, H. A. Individual differences in solving physics
problems. In R. S. Siegler (Ed.), Children's thinking: What
develops? Hillsdale, N.J.: Lavwrence Erlbaur Associates, 1978.

28



